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Design and Analysis of Bonding Wire for Ka-Band QFN Package
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Abstract

In this study, an equivalent model of bonding wire used in the Ka-band quad flat no-lead (QFN) package was proposed. The proposed
equivalent model was constructed using resistors and inductors according to the length of the bonding wire and the mutual inductance
between the multi-bonding wires. For verification, the S-parameters derived from the equivalent model were compared with the
three-dimensional (3D) electromagnetic simulation results. Moreover, a Ka-band QFN package was designed using the proposed equivalent
model. The number and length of the bonding wires required to optimize the return loss (S);) and the insertion loss (Sz;) of the designed
Ka-band QFN package were derived and applied. In the fabricated Ka-band QFN package, the S;; and Sy were measured to be —26
dB to —1.8 dB at 29 GHz, respectively, and it was confirmed that the measurement results were similar to the simulation results.
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Fig. 1. Bonding wire design of QFN package.
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Fig. 2. Geometric structure of single bonding wire.
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Fig. 3. Equivalent circuit of single bonding wire.
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Table 1. Parameters of single bonding wire.
Parameter of single bonding wire
H 0lmm | Z,| 024 nH | Z,, 165 Q
Dy | 018mm | R, | 0021 @ | % 1 fF
D, | 0158 mm | C; | 194 {F 4.1x10" Q/m
o .
d, | 03mm | Cy| 187 fF (Gold wire)
a |0.0254 mm | D; | 0438 mm 4
A 510 m
e, 8.6 ey | 35
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Fig. 4. Equivalent circuit model of bonding wire at 29 GHz.
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Table 2. Parameters of bonding wire equivalent circuit.

Parameter of bonding wire circuit model @29 GHz
Ly, G L, R, Cu
0.455 nH | 3526 nH | 029 nH | 0.0215 @ | 119.6 nH
kg ks d,
0.92 0.72 0.05 mm
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Size 7x7 mm
Lead width 0.22 mm
Total thickness | 0.75 mm
Lead pitch 0.77 mm
Pin count 24
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(a) 3D model

(b) QEN 3} 7]#] sjetrE Hol&
(b) Parameter table of QFN package
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Fig. 5. 3D structure of the proposed QFN package.
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Table 3. Simulation result of the QFN package by the
number of bonding wire.

Ka-band QFN package simulation of wire quantity
N, | D, S Sy Resonance frequency
1 —33 dB | —5.6 dB 26.9 GHz
2 —6.1 dB | =33 dB 27.7 GHz
3 —76 dB | —2.7 dB 279 GHz
4 438 | —10.8 dB | —2.1 dB 28.6 GHz
5 rm | —135dB | —1.8 dB 28.4 GHz
6 —220dB | —1.5 dB 28.8 GHz
7 —164 dB | —1.7 dB 28.5 GHz
8 —16.5 dB | —1.7 dB 28.6 GHz
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Fig. 9. EM simulation by length of bonding wire.
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Table 4. QFN package simulation result of wire length.

Ka-band QFN package simulation of wire length

N, D, Sh So1 Resonance frequency

724 p¢m |[—19 dB|—8.1 dB 31.5 GHz
6 486 pm |—9.2 dB|—22 dB 29.7 GHz
438 pm |—22 dB|—15dB 28.8 GHz
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Fig. 10. EM smith chart result of bonding wire.
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Fig. 12. QFN package sample and measurement environment.
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Fig. 14. Comparison of measurement and equivalent circuit
result to different lengths.
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Table 6. Measurement result of different D, at 29 GHz.
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